The spatial distribution of the annual mean urban heat island (UHI) intensity pattern was analysed for the medium-sized city Novi Sad, Serbia, located on the low and flat Great Hungarian Plain. The UHI pattern was determined by an empirical modelling method developed by (Balázs et al. 2009 ). This method was based on datasets from urban areas of Szeged and Debrecen (Hungary). The urban study area in Novi Sad (60 km 2 ) was established as a grid network of 240 cells (0.5 km × 0.5 km). A Landsat satellite image (from June 2006) was used in order to evaluate normalized difference vegetation index and built-up ratio by cells. The pattern of the obtained UHI intensity values show concentric-like shapes when drawn as isotherms, mostly increase from the suburbs towards the inner urban areas. Results of this thermal pattern and determination of one of the local climate classification systems were used for recommending 10 locations for representative stations of an urban climate network in Novi Sad.
Introduction
In the second part of the 20th century, urbanization accelerated and reached enormous magnitude. The growth rate of the Earth's urban population is greater than that of the total population; therefore, more and more people live in urbanized regions. Nowadays, about half of the human population is affected by the burdens of urban environments: environmental pollution, noise, stress of the accelerated life-style, and last but not least the modified parameters of the urban atmosphere compared to the natural environment. This makes studies dealing with the urban impact on climate particularly important.
Not only the large cities but also the smaller ones modify materials, structure, and energy balance of the surface and almost all properties of the urban atmospheric environment compared to the natural surroundings. Thus, owing to the artificial factors, a local climate (urban climate) develops which means a modification to the preurban situation. This climate is a result of the construction of buildings as well as by the emission of heat, moisture, and pollution related to human activities. According to Oke [1] , two layers can be distinguished in the urban atmosphere. The first one is the urban canopy layer (UCL) containing air between the urban roughness elements (mainly buildings). It is a microscale concept, and its climate is dominated geographical factors and modified by the nature of the immediate surroundings. The upper boundary of the UCL is at about roof level. The second layer is the urban boundary layer (UBL) which is situated directly above the first layer. This is a local or mesoscale concept whose characteristics are governed by the nature of the whole urban area.
In the course of urban climate development, the nearsurface air or (UCL) temperature shows the most obvious modification compared to the rural area [2] . This urban warming is commonly referred to as the urban heat island (UHI), and it is a good example of inadvertent climatic change. We note that all temperatures referred to this study are in the UCL at 1.5-2 metres above ground level.
It is anticipated that continuous, quality-assured observations provide new research opportunities focused on the spatial and temporal variability in UHI patterns. In order to acquire long-term data as a basis for studies, measurements in a network established in the city are needed. Selecting the exact sites of the individual stations to ensure the representativeness of the thermal conditions across a wider area in the complex urban environment is a difficult problem [3] . Theoretically, this representativeness can only be assessed in the context of its micro-, and local-scale properties of surface geometry (sky view factor, height-to-width ratios, and aerodynamical roughness length), cover (percentage of built material, albedo, and thermal admittance), and artificial heat (space heating/cooling and traffic density) [4] . If the aim is to monitor local climate attributable to an urban area, it makes sense to avoid locations with extreme microclimatic influences or nonurban local climatic phenomena that may complicate the urban record.
Methodologically, determination of the temperature increasing effect of an urban area means the calculation of difference between the temperature values measured at representative "rural" and "urban" sites. In order to classify these sites, several classification systems exists [3, [5] [6] [7] , and these classify the terrain into different areas called for example, Urban Climate Zones [3] or Local Climate Zones (LCZ) [5] . LCZs are defined by Stewart [6] as regions of relatively uniform surface-air temperature distribution across horizontal scales of 10 2 to 10 4 metres. The LCZ system is currently under development by Stewart and Oke, and thus, the version used in this paper is a prototype, as given in [7] , and consists of 16 zones in urban, rural, and transitional areas.
Given the above-mentioned requirements for siting an urban climate network, two initial steps can be regarded as highly useful:
(1) (a) conducting some preliminary mobile spatial surveys traversed through areas of interest to see where are the areas of thermal anomaly of interest or (b) modelling the general thermal patterns by applying the obtained results from other cities with similar environmental conditions and built-up structures, (2) mapping of some type of climate zone classifications (e.g., LCZ system in [7] ) within the urban area of the city. The importance of this kind of classification lays not in the absolute accuracy of a given type to describe the site but in its ability to classify areas of a settlement with similar capacities of modifying the local climate [2] . Such classification is crucial when setting up an urban station to ensure that spatial homogeneity criteria are met for a station in the UCL.
The climate zone classification systems were not originally designed for mapping, it was designed to classify and standardize urban heat island observation sites, whether urban or rural, fixed or mobile. If the aim is to establish a new urban station network, the mapping seems to be a good application of the system for delineating the approximate sites of the stations representing a wider urban area.
The main objectives of this study are:
(a) to determine the built-up density distribution and the mean pattern of nocturnal urban canopy layer UHI intensity in the city of Novi Sad, Serbia using a model developed by [8] , (b) to map the climate zones using the LCZ system in [7] in the studied urban area, (c) to determine the possible sites of the stations of a planned urban climate network in Novi Sad based on the obtained UHI pattern in (a) and the map of the climate zone classification in (b). The three existing stations (one in urban and two in rural zones) would be expanded with the recommended urban station network providing high-time frequency data of main climate parameters (air temperature and humidity, global radiation, and precipitation). The main purposes of this combined network are (i) to monitor the seasonal and diurnal patterns of the urban heat island in the UCL of Novi Sad and (ii) to determine areas inside the city being less stressful for the citizens during the more and more frequent heat waves using thermal comfort indices.
Study Area
Novi Sad is located in the northern part of Serbia (Vojvodina Province), that is, on the southern part of the Great Hungarian Plain (45
• 50 E) ( Figure 1 ). The investigated area is plain (mostly from 80 to 86 m a.s.l.) on Holocene sediments with a gentle relief, so generally, the climate is free from orographic effects. The river Danube passes on the southern and eastern edge of the urban area, and its width varies from 260 to 680 meters. The relatively narrow DTD channel (Danube-Tisza-Danube) passes through the northern part of the city and its climatic influence is probably negligible. South of the Novi Sad urban area, the northern slopes of Fruška Gora Mountains are located (the highest peak is 538 m a.s.l.) which descend steeply towards the Danube.
According to Köppen-Geiger climate classification, the region around Novi Sad is categorised as Cf climate (temperate warm climate with a rather uniform annual distribution of precipitation) [10, 11] . In Novi Sad, the annual mean air temperature is 11.1
• C with an annual range of 22.1 • C. The mean annual precipitation amount is 615 mm (based on data from 1949 to 2008). Szeged and Debrecen in Hungary, whose UHI and surface cover data were used for the development of the applied statistical method [8] , are also in climate region Cf [11] .
Novi Sad is the second largest city in Serbia (and in the mentioned geographical region) and has a population of 285,756 inhabitants (data from 2009) in a built-up area of approximately 60 km 2 .
The recent city structure and the main buildings in the inner parts of these cities (Novi Sad, Szeged, and Debrecen) were developed at around the turn of the 20th century, and until the end of the World War 1, these cities belonged to the same country (Hungary). After this time, the development of the settlements in this region was almost parallel. After the Second World War, in both countries there were social regimes with similar urbanization policy and architecture (from 1945 until nineties). Therefore, these cities in Hungary and Serbia have very similar urban structure. Novi Sad has a densely built central area with mediumwide streets and avenue-boulevard roads network connecting different areas of the city. Around the city's central part, there are areas occupied by tall apartment buildings (mostly from 4 to 8 stories and with few examples with more than 10 stories) set in wide green space and detached houses (in most cases with 1 story). In the northern part, Novi Sad also contains zones used for industry and warehousing (flat and horizontal buildings, not higher than 10 m, i.e., 3 stories), and open space along the banks of the Danube, in parks, and around the city's outskirts.
In and around Novi Sad, four meteorological stations have been established in the last 60 years. The main meteorological station RimskiŠančevi (network of Republic Hydrometeorological Sevice) is situated in rural area (45 • 19 N, 19 • 49 E, 84 m a.s.l.), 1.9 km from the northern outskirts of the city and in 7.5 km distance from downtown (E1 in Figure 7 (a)). The meteorological station was established in 1949, and up to now, it provides an undisturbed time series longer than 60 years. The Petrovaradin meteorological station was established in the middle of 20th century, and observations were taken in the period between 1956 and 1992. The station was situated in the southeastern part of the urban area at the Petrovaradin fortress (45 • 15 N, 19
• 52 E, 132 m a.s.l.) between compact lowrise apartment buildings and green space outskirts. Two automatic weather stations (AWS) were set up in 2009. The first AWS is situated at the Petrovaradin fortress (E2 in Figure 7 (a)) and replaces of the closed Petrovaradin meteorological station, and the second one is situated in the rural zone (village Kać) approximately 9 km from Novi Sad downtown (E3 in Figure 7 (a)). All mentioned stations measure or measured parameters like air temperature, precipitation, air humidity, winds, air pressure and various indices.
Previous UHI Investigations in Novi Sad
So far, a small number of papers have been published considering UHI investigations in Novi Sad. The first publication is theoretically based that is, it presents all parameters, methods and measurements which have to be used in order to work on UHI research of Novi Sad [12] . The next studies analyzed temperature values based on 30-40 year long time series (until 1990) [13, 14] . These studies used one rural (Rimskǐ Sančevi) and one urban (Petrovaradin fortress) stations (see Figure 7 ). As the results showed, there are increasing trends of mean, maximum, and minimum temperatures at Petrovaradin, and in most cases, these trends are higher than trends at RimskiŠančevi. Based on meteorological parameters and the structure of urban area, Popov and Savić [15] showed the necessity of defining locations of an urban climate network in order to advance further UHI research in Novi Sad.
Method for Modelling the Mean UHI Pattern in Novi Sad
The applied method for the determination of the suspected spatial structure of the mean annual UHI intensity in Novi Sad is based on the study of Balázs et al. [8] . The main advantage of this regression method was to predict the spatial distribution of the annual mean UHI using just a few input parameters which can be determined in a simple way (remote sensing) without having detailed local information about the city. In this section, a short description is given on the UHI modelling in general and also on the used method (for more details, see Balázs et al. [8] ).
Modelling the UHI Patterns.
According to Oke [16] and Svensson et al. [17] , three types of models can be applied for climate related research in urban environments: numerical, physical, and empirically based models. The advantage of the empirical models is that they are based on observed statistical properties, but their disadvantage is that they are often restricted to a specific location. Among the empirical models, statistical approaches are the most common methods to reveal relationships between the canopy layer UHI intensity and the meteorological as well as other physical parameters (including variables describing surface properties) which influence its formation. Thus, these models may provide useful quantitative information on the roles of the above-mentioned parameters in the development and spatial distribution of the UHI (e.g., [18] [19] [20] [21] ). The spatial distribution of ΔT (UHI intensity) exhibits seasonal and diurnal variations as a result of meteorological and urban characteristics and location [2] . Simplifying the factors of a location (topography, water bodies) to a flat area and considering the annual mean UHI, its form and size are mainly a result of the urban factors [22, 23] . There are several studies which simulate ΔT using partly or entirely urban surface features as independent variables (e.g., [24] [25] [26] [27] [28] ).
It has to be mentioned that the weakness of most of these studies is the lack of validation.
As detailed collection of urban data is complicated and requires significant technical investment, satellite images of settlements situated on a plain (no orographical influence) can serve as a tool to estimate the mean UHI intensity, because some parameters (e.g., covered or built-up surfaces) of the artificial urban environment can be easily determined through the evaluation of these images.
Experiments to model the spatial distribution of canopy layer ΔT for relatively large (several dozens of km 2 or more) urban areas are rather scarce. Some of them are listed in chronological order as follows: a numerical model for a 140 km 2 area of Christchurch, New Zealand [29] , empirical models for a ∼120 km 2 area of Łódź, Poland [30] , for a ∼ 700 km 2 area of Göteborg and its wide surroundings [17] , for a ∼30 km 2 area of Szeged, Hungary [31] , and for a ∼30 km 2 area of Debrecen, Hungary [32] , and a numerical model for a ∼400 km 2 area of Rome, Italy [33] .
The empirical modelling study of Balázs et al. [8] dealt with UHI patterns of cities located in a rather homogeneous region therefore, it is more region than site specific. As we used their method, we give a short description of it. Datasets from Szeged (population 165 000) and Debrecen (population 204 000) situated on the Great Hungarian Plain in Hungary ( Figure 1 ) were used to construct their empirical model. The measurements and modelling focused on the urbanized areas, about 30 km 2 for both cities. According to the original project plan, the annual mean UHI patterns of fifteen cities with different sizes and population, situated on the Great Hungarian Plain, were to be modelled using the obtained empirical model regardless of the existing country borders. As examples, Balázs et al. [8] presented modelled UHI patterns of only four of these cities.
Dependent Variable: UHI Intensity.
For the information on the UHI intensity and its pattern (as dependent variable), temperature data were collected by mobile measurements in the urban areas of Szeged and Debrecen, which were divided into 0.5 km × 0.5 km grid cells. The study areas consisted of 107 cells (25.75 km 2 ) in Szeged and 105 cells (26 km 2 ) in Debrecen and covered the inner and suburban parts of the cities. One rural cell in both cities was used as a reference area for the comparison of temperature data. These cells are located outside of the cities, and their areas are agricultural fields with cereals and corn, that is, both cells belong to the LCZ "Low plant cover" [7] , so they can be characterized as rural.
The required data were collected by cars on assigned routes, in a one-year period between April, 2002 and March, 2003. The survey routes passed through all cells but not always through the centre of them, since they were constricted by the road network. As the temperature does not vary abruptly within short distances, the obtained values can be regarded as repsentative ones for the cells. This type of mobile measurement is widespread in observing urban climate parameters (e.g., [34, 35] ). The measurements took place at a frequency of about 10 days simultaneously, altogether 35 times in both cities. They were carried out under all kinds of weather conditions except rain. Based on experiences from previous studies, data collection took place at around the expected time of the daily maximum development of the UHI, which is 4 hours after sunset (e.g., [36, 37] ). The UHI intensity (ΔT) by cells is defined as follows [19] :
where T cell = temperature of an urban cell and T cell(R) = temperature of the rural cell. Annual mean ΔTs were determined by averaging the ΔT values of the 35 measurements by cells.
Independent Variables.
As independent variables for estimating the UHI field, 2D urban surface cover data and the distance from the city boundary were determined for each element of the 0.5 km × 0.5 km mesh in the study areas in Szeged and Debrecen. The artificially covered surface ratio (streets, pavements, parking lots, roofs, etc.), or built-up ratio (B 0 ), horizontally characterizes the surface of a settlement. This parameter was determined for each cell using GIS (geographical information system) methods combined with the remote sensing analysis of Landsat satellite images [19] . The satellite images were taken in 2000, so they provide accurate data on the built-up conditions in the time of temperature measurements (2002) (2003) . Normalised difference vegetation index (NDVI) was calculated from the pixel values [38, 39] , then the ratio of water, built-up, and vegetation surfaces in each cell were determined with this index by cells.
It is also important to consider the surface conditions around the cells, because the wider surroundings can influence the temperature of a given cell. In order to take the effect of the surroundings into account, a set of derived variables (average built-up ratio of concentric areal extensions around the cells, B 1 , B 2 ) were constructed ( Figure 2 ). The distinction of urban and rural cells based on an arbitrary but low value of B 0 . If B 0 < 5%, then the cell is considered rural, otherwise urban. This threshold ensures that cells defined as rural correspond with landscapes of cropped fields and few roads or buildings. The obtained zones of surface variables cover the entire study areas and their 1.5 km wide extensions in the investigated settlements. These extensions are needed in the calculations of B 1 and B 2 parameters for cells near the edges of study areas.
The distance (from the city centre or from the boundary) can be regarded as a parameter that characterizes the location of a place inside the city. That is, considering the areas with the same building structure and design in the suburbs and in the centre, a reduced ΔT can be experienced in the suburbs compared to that in the centre. Now, the distance from the city boundary (D in m) is considered. This D is defined as the distance between a given cell inside the study area and the nearest cell with a built-up ratio of less than 5% outside the study area (Figure 3) . In order to take into account the integrated affects of distance (D) and the above-mentioned surface parameters (B 0 , B 1 , and B 2 ) in the formation of UHI, some new combined urban parameters were constructed (marked by apostrophes: B 0 , B 1 , and B 2 ). Based on the work of Fortuniak [20] , distance is considered as ln D. So, the combined parameters are generated by multiplying (or weighing) the surface parameters by the logarithmic distance by cells:
Construction of the Multiple-Parameter Models.
The relationship between the obtained combined urban surface parameters and the annual mean UHI intensity were determined to construct a general multiple-parameter model based on data from Szeged and Debrecen which can be used for the estimation of mean ΔT patterns in other settlements situated on a plain. The elements of the model are the following:
(ii) B 0 , B 1 , B 2 , as invariable parameters.
A stepwise multiple regression analysis was done with SPSS 11 software in order to compute the model equation [40] . The equation takes the following form:
(2) Based on the ranges of the applied datasets from Szeged and Debrecen, the obtained model equation can be regarded as strictly valid in the parameter intervals presented in (Table 1 ). The equation has no constant; therefore, if the invariable parameters are equal to zero, the equation gives an UHI intensity of zero. It is in line with the experience that the unbuilt or barely built areas do not generate any temperature excess.
In order to properly test the obtained model equation, temperature datasets from three settlements having similar environmental conditions but being independent from those of Szeged and Debrecen were used. As a result, there was good correspondence between the measured values and the estimated ones by the model [8] .
This general model was extended to other, different-sized settlements (Karcag, Kecskemét, Békéscsaba, and Arad), where the environment, like topography and climate, is similar to that of Szeged and Debrecen without taking country borders into account. As mentioned earlier, only certain Landsat satellite images of the settlements are necessary, from which the built-up ratio and its areal extensions (weighing with the log-distance from the city border) can be determined as independent variables for this purpose. The standard Kriging method and linear variogram model of Surfer 8 software were used to interpolate the temperature values by cells and for the spatial tracing of the isotherms [41, 42] ). For the obtained UHI pattern, Balázs et al. [8] , see The obtained model equation can be considered applicable and appropriate for other cities of different size if the invariable parameter values of the study areas are within the intervals given in Table 1 . Now, we apply the model to the city of Novi Sad (Serbia) situated at the edge of the Great Hungarian Plain not far (115 km) from Szeged (Figure 1 ).
Results and Discussion

Patterns of Built-Up Ratio and Modelled
Mean UHI Intensity in the Study Area. According to the methods described in Section 4, first, a grid network (500 × 500 m) was established which contains the study area (240 cells) and its 1.5 km wide extension in and around Novi Sad. It covers the main urban areas of the city without the satellite settlements around it (Figure 4) . The UTM coordinates of the NW and SE corners of the rectangle containing the grid network are 34T 400500 5019000 and 34T 415000 5000500, respectively.
A Landsat satellite image taken at June 26, 2006 [43] was used for the evaluation of NDVI and then of built-up ratio (B 0 ) by cells. The built-up ratio inside the study area ranges from values near 0% to values over 90% because of the River Danube and the densely built-up city centre ( Figure 5 ). Large density can be found in the central part of the study area (about 30 cells) with the highest B values in its eastern areas near the Danube (in 10 neighbouring cells). More local builtup maxima are located in the western, northern, north-eastern and eastern, parts of the study area.
Based on the B 0 values, the other two built-up parameters B 1 and B 2 , as well as the distance parameter D, were determined for each of the 240 cells of the study area. In order to model the annual mean UHI intensity values by cells, the combinations of these parameters (B 0 , B 1 , B 2 ) were calculated and then substituted into (2) . As mentioned in Section 4, the development of the empirical model was based on the dataset of Szeged and Debrecen, so the largest B 0 values in Novi Sad slightly exceed the base data (see Table 1 ). This means a slight extrapolation of the model for certain cells (less than 10% of the cells) therefore, the obtained ΔT values in these cases should be treated cautiously. However, we are sure that the structure of the obtained ΔT field certainly reflects the main characteristic of the pattern of the UHI in Novi Sad ( Figure 5 ).
As the predictors (B 0 , B 1 , B 2 ) of the model based primarily on the built-up ratio of the cells (B 0 ), already this measure itself has a significant influence on the spatial pattern of the mean UHI intensity ( Figure 5 ): the ΔT values follow the change in the built-up values. In detail, the main feature of this pattern in the central study area is that the isotherms show concentric-like shapes with values increasing from the suburbs towards the inner urban areas with a highest ΔT(>4
• C) in the densely built-up centre. Deviations from this concentric-like shape occur in the western, northern and north-eastern parts where the isotherm of 2
• C stretches towards the outskirts. In addition, three island-like local maxima appear in the northern, north-eastern and eastern parts of the study area with values over 3
• C, 2.5
• C and 2
• C, respectively. The largest area with very low ΔT values, owing to the influence of the River Danube, can be found in the south-eastern part of the study area.
For the evaluation of the model estimation a comparison have been made using the dataset of RimskiŠančevi (rural) and Petrovaradin (urban) stations (Figure 7) . In this period, the observations were taken three times a day (07, 14 and 21 according to Central European Time), and the dataset contains the observed temperatures and daily maximum, minimum, average temperatures. Since there were not night time measurements, the daily minimum temperature data was used for the comparison. The difference of the two measured daily minimum temperature were calculated for each day of the mentioned 37 years. The average of these differences (ΔT min ) can be considered as an approximate value of the annual mean urban heat island intensity (ΔT) [44] . The ΔT value for Petrovaradin calculated by the statistical model is 1.66
• C and the measured (ΔT min ) is 1.8
• C. This insignificant difference proves that the accuracy of the model estimation meets the requirements of the aim of this study.
Mapping of LCZs in the Study
Area. The identification of climate zones in Novi Sad was based on information extracted from Google Maps [44] , on guidance given by [7] , and on the personal experiences of the second author ( Figure 6 ). Since in Central-European urban areas the LCZ classes of compact highrise, open-set highrise and lightweight lowrise are missing, only the pattern of the remaining classes typical for this region were taken into account.
Recommendation for Station Sites of an Urban Climate
Network. The planning of the possible sites of the stations of an urban climate network in Novi Sad is based on the structural features of the obtained UHI intensity pattern ( Figure 5 ) and on the LCZ map ( Figure 6 ). While searching Advances in Meteorology [7] ) occurring in the study area of Novi Sad.
for the appropriate (representative) locations, two criteria were considered:
(1) the stations should be located at around the high and low ΔT areas, as well as at around the areas of the local maxima and stretches assumed by the modelled UHI pattern, (2) homogeneous LCZ areas a few hundred metres wide should be around the sites.
According to previous criteria, ten representative station locations in the urban area of Novi Sad have been detected (Figure 7(a) ). The locations represent the different neighbourhoods of the city, from the densely built-up area with medium narrow streets to the almost natural outskirts. The location numbered 1 is placed into the city's downtown with compact midrise landscape. The next three locations are situated in open-set midrise zones, with open natural surroundings among >3 stories tall buildings. Locations 5 and 6 characterise compact lowrise areas with tall buildings <3 stories and separeted by narrow streets, whereas locations 7 and 8 are in open-set lowrise zones, mostly with detached buildings separated by natural surfaces. The last two stations (9 and 10) are situated in industrial and warehouses zones (high-energy industrial and extensive lowrise). Also, it is important to mention that the two existing stations in the rural and in the urban (open-set midrise) area respectively (see Section 2), can be utilized to be a part of recommended urban climate network (Figure 7(a) ). Furthermore, all stations would be set up at representative urban sites, according to scientific guidance [3, 45] (Figure 7(b) ). 
Conclusions
According to the analysis of the urban heat island pattern in Novi Sad (Serbia), the main conclusions of this study are as follows.
(1) Urban area of Novi Sad with its more than 280,000 inhabitants is located in a rather homogeneously relieved region in the Great Hungarian Plain. Therefore, research of UHI pattern can be based on empirical modelling study of Balázs et al. [8] , where datasets from Szeged and Debrecen (Hungary) were used to construct an empirical model. The study area has been divided into a 0.5 km × 0.5 km mesh (240 cells) and has an extension of 1.5 km in and around Novi Sad.
(2) Evaluation of NDVI and built-up ratio values by cells varies from 0% in and around the Danube to over 90% in densely built-up downtown. Also, western, northern, north-eastern and eastern parts of Novi Sad's urban area are characterised as maximally built-up. These densely builtup area has a significant influence on the spatial pattern of the mean UHI intensity. The isotherms show concentric-like shapes with highest ΔT (>4
• C) in the densely built-up centre and decrease towards the outskirts. A few local temperature islands (from 2
• C to 3 • C) occurred in the suburbs with intensive built-up areas.
(3) Analysis of UHI intensity and some type of climate zone classifications (e.g., LCZs in [7] ) is very important in order to detect sites which can be suggested for the stations of an urban climate network in Novi Sad. According to defined criteria, a representative 10-station network in the urban area has been determined in order to prepare further UHI 8 Advances in Meteorology research, that is, to monitor and provide measurement data of the urban heat island in the UCL of Novi Sad city, and to determine areas inside the city being less stressful for the citizens during heat waves using thermal comfort indices. The locations represent the complete range of the city's neighbourhoods, reaching from the densely built-up area with medium narrow streets to the almost natural outskirts. The result of this study is point out that the estimated mean UHI pattern and the distribution of some type of climate zone classifications in a city provide useful information in order to give recommendation on the possible sites of an urban UHI measurement network.
(4) The presented empirical model can be regarded as a useful tool for estimating the mean heat island patterns for small, Central European cities (typically of little vertical development) situated on a plain cities in the humid-continental climate type.
